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Abstract 
This study used a sample of 106 countries to investigate the link between the number of threatened plant species and tourism 
which was proxied by the number of international tourist arrivals. In the analysis, we also include GDP per capita, population 
growth, and land under crop, which act as the control variables. We find that using OLS, the number of international tourist 
arrivals, population growth rate and land cultivated with crop increases the number of threatened plant species, while GDP per 
capita reduces the number of threatened plant species. Our further analysis using quantile regression indicates that tourism 
affected positively the number of threatened p lant species for all quantiles (0.05 0.25 0.50 0.75 0.90 0.95); crop production 
(positively) at middle quantiles (0.50 0.75); GDP per capita (negatively) at lower quantiles (0.05 0.25); and population grow th 
(positively) at middle quantiles (0.50 0.75). Our analysis clearly indicates that using estimates from OLS may have serious “bad” 
policy implications on the number of threatened plant species, compared to the quantile method that can capture properly the 
dimension of the threatened plant species. As for tourism, our study supports the effort for biodiversity conservation and 
sustainable tourism worldwide. 
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1.  Introduction 
The importance of the tourism sector can be related to  its contribution to government revenues, national income, 
foreign exchange earnings as well as generation of job opportunities and business opportunities. Tourism has been 
an important sector to both the developed and the developing economies. A lthough we recognized  the great benefits 
of the tourism sector to the national income, the touris m activit ies have also been co nnected to the negative impact 
on the economy in particular to the environment. One crucial aspect of the negative impact as a result of increased 
tourism act ivities is on the loss of biodiversity. Nevertheless, UNWTO (2011) reports that the number of 
international tourist arrivals worldwide is forecast to increase by 3.3% a year, on average, in the period 2010-2030. 
In terms of number, the international tourist arrivals will increase by 43 million a year on average between 2010 and 
2030. Thus, it is inevitable that with this rise in the tourism number there follows an inevitable increase in negative 
environmental impacts (Pickering & Hill, 2007; Buckley, 2004). 
The term b iodiversity or biological d iversity refers to the totality (number) and variab ility (ty pes) of living  
organisms in the ecosystem, reg ion and environment (Butler, 2006). Humans will eventually perish without 
biodiversity. According to the Convention on Bio logical Diversity (CBD) the definition of b iodiversity includes 
diversity at the gene, species and ecosystem levels; the types of species; and the habitats and ecosystems within  
which they live. This includes the terrestrial rainforests, the freshwater lakes, the river systems, the coral reefs and 
the marine ecosystems. The healthy ecosystems  provide food, clean  air and water for humans to consume and 
survive. The rainforest, although covers less than 2% of Earth’s surface, supports the greatest diversity of liv ing 
organisms on Earth – houses more than 50% of the plants and animals on the planet (Butler, 2014). Therefore, the 
loss of biodiversity among other things; threatens our food supplies, interferes with essential ecological functions, 
reduces the productivity of ecosystems, and destabilizes and exposes the vulnerability of the ecosystems  to natural 
disasters such as floods, droughts, hurricanes etc. (UNEP, 2014). 
The main  purpose of the present study is to investigate the impact of tourism on biodiversity for a sample of 143 
countries in 2013. In this study, we used the number of threatened plant species as the measure of biodiversity. 
Apart from tourism which is proxy  using the number of international tourist arrivals, we also include income per 
capita, population growth and crop production as control variables. The model is estimated using OLS as well as 
quantile regression analyses. Our results suggest that tourism has positive impact on the number of threatened plant 
species for the 143 countries investigated. 
The paper is organized as follows. In the next section, we review some related literature on factors affecting  
threatened plant species. In Section 3, we discuss the model and method used in the study. In Section 4, we discuss 
the empirical results. The last section contains our conclusion. 
2.  Review of related literature 
Tourism is always associated with sand, sea and sun and therefore dependent on coastal areas. To the tourists, 
tourism provides enjoyment and satisfaction by participating in tourism related activit ies such as sea -diving, 
snorkeling, and game fishing. On  the other hand, nature-based tourism provides activit ies such as camping, horse 
rid ing, walking, off-road driving, mountain biking, mountain climbing and others. Recreat ion and tourism in natural 
areas account for 20% of all leisure t ravel and the tourist expenditure from these activities amount to US$20 b illion 
a year (Newsome et al., 2002). 
Pickering and Hill (2007) have reviewed studies on the impact of recreation and touris m on p lant biodiversity  
and vegetation in protected areas in Australia, and found out that vegetation was being crushed, sheared off and 
uprooted as a result of the nature-based tourism activit ies. Pickering and Hill further contend that those impacts 
result in changes to the vegetation including loss of height, biomass, reproductive structures (flowers, fruit, etc.), 
reduction in cover, increased litter, damage to seedlings and change in species composition. These activities will 
also lead to changes to the hydrology of the site, soil conditions including nutrients and erosion, as well as the 
introduction of weeds and pathogen. Tourism can also contribute to the severity of the pathogen’s impact by 
increasing the stress on plants within areas already infected (Buckley et al., 2004). 
On the other hand, Newsome et al. (2002), Phillips and Newsome (2002), and Smith and Newsome (2002) posit 
that the recreation and tourism activit ies result in  root damage to trees by tethered horses or holes dug by humans or 
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other waste, trees cut for firewood and/or vandalism of vegetation at sites, and wildflowers and epiphytes harvested. 
According to Kelly  et al. (2003) touris m is a threat fo r 20.8% of the plant taxa in Australia. A more recent study by 
Ballantyne and Pickering (2013), report that tourism and recreation threatened 42% of the plant species in Europe. 
The Canary Island and main land Spain had the greatest diversity of species listed as threatened by tourism and 
recreation.  
Liddle (1997) discovered that trampling is by far the most widely studied impact of touris m and recreation on  
plants. Trampling can reduce biomass, cover, fecundity and survival of indiv idual plant species and sometimes can 
lead to local ext inction of susceptible species. The spread of weed seeds which was carried on tourist vehicles and 
clothing can threaten the flora species and ecosystem (Wace, 1977; Barker & Wardlaw, 1995). Study by Whinam et  
al. (2005) found that equipment likely to contain weed seeds included day packs and the cuff and Velcro closures on 
jackets, although propagules were also found on walking boots. Other form of medium that can spread weed seeds 
or pathogen include footwear, tent pegs, trowels, horse hooves, bike tyres and other types of vehicles (Buckley et al., 
2004). 
3.  Methodology 
In this study, following the work of Naidoo and Adamowicz (2000), Halkos (2011), Mun ch (2009), we modeled  
threatened plant species , (plant) as a function of the number of international tourist arrivals  (tourists), population 
growth (popgrow), and crop production (crop) as follows: 
 croppopgrowincometouristsfplant ,,,  (1) 
Specify in a stochastic form as , 
iiiiii lcroplpopgrowlincomeltouristslplant HJGTED       (2) 
Where α, β, θ, δ, γ and ε are parameters to be estimated, ε is the error term, and i  = 1, 2, … , 143 number of 
countries. It is expected a priori that β, δ, γ > 0 and θ < 0. lplanti is the number of threatened plant species and can 
be used to measure biodiversity. Variab le lincomei represents the level of economic development and/or national 
income and is measured by gross domestic product per capita; lpopgrowi is the rate of growth of the population of 
each country. lcropi is the agriculture output of crop produced. In this study, all variab les are transformed into 
natural logarithm and denoted by l. Equation (2) is estimated using Ordinary Least Squares (OLS). 
It is well known that OLS estimates the effect of the explanatory variables on the mean of the conditional 
distribution of the dependent variable. To allow the effect of the explanatory variab les on the entire conditional 
distribution of the dependent variable, we also employ the quantile regression (Koenker & Basset, 1978). Quantile 
regression allows the estimated parameters to differ at different points of the conditional distribution of the 
dependent variable. Therefore, a number of different quantile regressions gives us a more complete description of 
the underlying conditional distribution. 
The quantile regression is defined as follows  
iii xlplant WW PE c  (3) 
  WW Eiii xxlplantQuantile c   (4) 
where ixc  equals a vector of exp lanatory variables as defined above, WE  equals the vector of parameters associated 
with  the τ-th percentile, and iWP  equals an unknown error term. The   WW Eiii xxlplantQuantile c  equals the τ-th 
conditional quantile of lplant given x with  1,0W  By estimating WE , using different values of τ, quantile 
regression permits different parameters across different quantiles of threatened plant species. In other words, 
repeating the estimation fo r different values of τ between 0 and 1, we trace the distribution of lplant conditional on x 
and generate a much more complete picture of how explanatory variables affect the dependent variable.  
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The τ-th quantile regression estimate WE , by solving the following minimization problem 
^ `  ^ ` »¼º«¬ª cc ¦¦ cct EEE EWEW iiii xlplantii iixlplantii ii xlplantxlplant :: 1min  (5) 
The median regression occurs when τ = 0.5 and the coefficients of the absolute values both equal one. 
In this study, the data for the number of threatened plant species (plant), the number of international tourists’ 
arrival (tourists), gross domestic product per capita (income), population growth (popgrow) are collected from the 
World Development Indicators available in the World Bank database. The crop production index (crop) was 
compiled from the FAO database. The reference year is 2013, and our sample consists of 143 countries.  
4.  Results and discussions 
Our results are presented in Table 1. In the second column are the OLS regression results. Interestingly, the 
results suggest that all four exp lanatory variables are significant at the 1 percent level, except for income at 5 percen t 
and population growth at 10 percent level. Income per capita impacted negatively the number of threatened plant 
species, suggesting that on average, as a nation becomes wealthier, conservation of biodiversity takes place and as 
such lower the number of threatened plant species. On the other hand, increase in population growth increases the 
number of threatened plant species. More population implies that more residential area needs to be developed in 
order to house the increasing population and therefore perennial grassland has to be converted into sub-urban homes 
and cropland. On a similar note, crop production also shows positive relationship with threatened plant species. In 
order to increase crop production, agricultural land needs to be expanded, and as a result, increases biodiversity loss. 
Table 1. Regression results for threatened plant species. 
  Non-parametric quantile regressions 
Independent variables OLS 5thquantile 25thquantile 50thquantile 75thquantile 90thquantile 95thquantile 
Constant -0.997 0.729 -0.996 -3.556* -3.897 -0.153 -0.595 
 (0.688) (0.470) (0.598) (1.681) (1.453) (0.050) (0.193) 
Income per capita -0.336** -0.347** -0.458*** -0.067 -0.095 -0.113 -0.018 
 (2.188) (2.156) (2.652) (0.285) (0.285) (0.384) (0.066) 
Tourist  0.436*** 0.170 0.450*** 0.416*** 0.527*** 0.368** 0.356** 
 (6.155) (1.304) (0.469) (4.172) (4.915) (2.291) (2.462) 
Crop 0.242*** 0.051 0.193* 0.354*** 0.377*** 0.264 0.319* 
 (3.165) (0.523) (1.941) (3.922) (2.646) (1.464) (1.788) 
Population growth 37.41* 14.46 25.55 72.82*** 85.39** 62.52 77.61* 
 (1.827) (1.350) (1.250) (2.805) (2.399) (1.475) (1.771) 
        
Adjusted R2 0.228 0.003 0.116 0.152 0.148 0.164 0.157 
SER 1.587 3.075 1.915 1.634 1.990 2.658 3.025 
Quasi-LR statistics - 2.60 
[0.625] 
26.35 
[0.000] 
36.29 
[0.000] 
29.66 
[0.000] 
25.22 
[0.000] 
18.64 
[0.000] 
       
Wald slope equality test  23.30 [0.273]   
Wald symmetric test   12.12 [0.669]   
Notes: Asterisks (***),(**),(*) denote statistically significant from zero at 1%, 5% and 10% level respectively. SER denote standard error of 
regression 
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Lastly, our main  focus – the impact of touris m proxy  by the number of international tourists’ arrivals, ind icates that 
mass tourism is positively associated with higher number of threatened plant species. 
The estimated results of the quantile regressions are shown in column 3 to 8, respectively for 5th, 25th, 50th, 
75th, 90th, and 95th quantiles. As for the income variable, conservation on biodiversity is only effective for smaller 
number of threatened plant species. Income per capita is negative and significant at the 5th and 25th quantiles. For 
higher quantiles of 50th, 75th, 90th and 95th, income has no effect on the number of threatened plant species. On the 
other hand, both population growth and crop production impacted the number of threatened plant species for middle 
quantiles of 50th and 75th. For lower quantiles of 5th and 25th and upper quantiles of 90th and 95th, population 
growth and crop production have no effect on threatened plant species. Interestingly, the positive effects of tourism 
on threatened plant species are consistent throughout the quantiles except at the lowest 5th quantile. The number of 
international tourist arrivals is positively associated at small as well as large number of threatened plan t species. 
5.  Conclusion 
The objective of the present study is to determine the impact of touris m on the number of threatened plant species 
for a selected 143 countries. In this study, we used the number of international tourist arrivals to proxy for the 
tourism sector; while other explanatory variables included in the study are income per capita, population growth and 
crop production. We found that using OLS, the number o f international tourist arrivals, population growth and crop 
production increase the number of threatened plant species, while income reduces the number of threatened plant 
species. Our further analysis using quantile regression indicates that tourism affected positively the number of 
threatened plant species for all quantiles (0.05 0.25 0.50 0.75 0.90 0.95); while both population growth and crop 
production positively affect threatened plant species at medium quantiles (0.50 0.75); and income per capita 
impacted negatively at lower quantiles (0.05 0.25). Our analysis clearly ind icates that using estimates from OLS 
may have serious “bad” policy implicat ions on the number of threatened plant species, compared to the quantile 
method that can capture properly the dimension of the threatened plant species. As for tourism, our study supports 
the effort for biodiversity conservation and sustainable tourism worldwide. 
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